Abstract
INTRODUCTION
Multicasting involves the transport of the same information from a sender to multiple receivers along a multicast tree. In the past much work has been focused on algorithms for computing low-cost multicast trees. Since the problem of the computing minimum-cost multicast trees (called Steiner trees) in a network is NPcomplete [7] . Most of the proposed algorithms are heuristic. Some of well-known Steiner tree heuristics are KBM [I] and BSMA [I]. methods based on neural networks and genetic algorithms [2] have also been proposed for computing low-cost multicast trees. As more and more bandwidth-delay-sensitive networking applications such as video conferencing, tele-education and many other distributed multimedia applications appear, efficient of low-cost multicast tree cause more satisfaction of users. Bandwidth-delay-constraint is of great interest. In the last few years, a lot of bandwidthdelay-constrained multicast routing heuristics have been proposed [l, 21. The simulation results given in [SI have shown, however, that most of the proposed algorithms either work too slowly or can not compute bandwidthdelay-constrained multicast trees with low-cost.
Deterministic computation of low-cost bandwidthdelay-constrained multicast trees usually requires large amount of computation time. For this reason, methods based on neural networks or genetic algorithms may be more helpful. In this paper, we propose a novel QoSbased multicast routing algorithm based on GA. The modified determinant encoding is used for genotype representation. We evaluate the performance of the proposed algorithm by result of simulation.
The remainder of this paper is organized as follows:
The problem description and formulation is given in section 2. In Section 3, we describe the proposed algorithms. We then evaluate the convergence of the proposed GA-based algorithms. Section 4 gives the performance evaluation of the proposed algorithms and the comparison of them with other similar algorithms. 
PROBLEM DESCRIPTION AND FORMULATION
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THE PROPOSED MULTICAST ROUTING ALGORITHM
The genetic algorithms have emerged as a powerful tool for solving NP-complete problems in many research areas [5] . A simple genetic algorithm works according to the following steps: S1: Select encoding scheme and generate initial S2: Evaluate the fitness of every individual. S3: Produce a new generation of population based on the fitness of individual (by using genetic operators like crossover and mutation). S4: Evaluate the fitness of every individual in the new generation. S5: Continue steps S3 and S4 until a given criterion is satisfied.
population.
Genotype
We modify the determinant encoding used in [4] for minimum spanning tree algorithm, such that it can be used in the GA-based algorithm to solve the QoSconstrained multicast tree problems. We define the degree matrix of graph G , denoted by Degree(G(V,E)), as follows:
where d(i) is the degree of node i, and k is the number of edges from node i to node j in G . We define the Edgerange vector R of a digraph G as follows:
where D is the degree matrix and n is the number of nodes in G . furthermore, we define Modified Determinant Encoding (MDC) as a string of n-1 integers in {0,1,2,..,n} that the 0-1)" position in the string is randomly selected from R(j), (for j=2 to n). If the (j-1jth of MDC is w it means the existence of an edge from node w to node j in G . MDC scheme some times produces graphs, instead of Steiner trees. Our algorithm for repairing determinant codes is described as follows:
Repair Function: MDC may be illegal due to 3 reasons: 1) missing node "l", 2 ) self loops or cycles, 3) partitioning to some sub-trees. The algorithm proposed below describes a strategy to solve all of the three situations that lead to illegal Steiner trees.
S I -Repair missing node "1": if node I E M U{S) is not already in the code, replace a randomly selected allele with node "l", otherwise goto S2. S2-Repair self loops: for a given encoded string C, find x, such that x =C(x). If any x exists, set C(x)=O, otherwise goto S3. S3-Exam and repair cycles: repair operator initially tries to find existing cycles by using a grouping algorithm, and then repairs them. The Exam and Repair algorithm is shown in Fig. 2 . 
Fig. 2. Proposed Examining cycles and repairing algorithm
The construction of the chromosome corresponding to the multicast tree of Fig. 1 is described in table 1 . 
Initial Population

Pre-processing phase.
Before starting the GA we can remove all links which their bandwidths are less than minimum required bandwidth constraint. If in the refined graph the source and all destination nodes are not in a connected sub-graph, this topology does not meet the bandwidth constraint, and otherwise we will use this subgraph as the network topology in our algorithm.
Initial population.
Random initialization is used in this study. Each Allele in position j-I of MDC, is randomly selected from R(j), and then the repair procedure described in section 3.2.1 is performed on illegal chromosomes.
Fitness Function
The fitness function in our study is a scheme proposed in [l] . The fitness function uses the penalty technique, as follows: (7) where a is a positive real coefficient, # ( z ) is the penalty function and y is the degree of penalty ( y is considered equal to 0.5 in our study).
Selection
The selection process used here is elitism model based on spanning the roulette wheel popsize times. The probability Pi that a parent Ti is selected, is given by
where F(TJ is the fitness of the individual c.
Crossover and Mutation
We have compared standard crossovers such as onepoint, two-points, and uniform crossover, and Insert and exchange mutations. In this study the uniform crossover and insert mutation used for crossover and mutation operations.
Analysis of Convergence
According to the Theorem 2.7 in Ref. [2] , the GAbased algorithms proposed in this paper could finally converge to the global optimal solution. For a large-scale network, it is time-consuming to obtain the optimal solution to the bandwidth-delay-constrained least-cost multicast routing problem, which is NP-complete. This problem can be overcome by setting an appropriate iteration time of the genetic algorithm. In this way, we can obtain a near-optimal solution within a reasonable time limit.
EXPERIMENTAL RESULTS
In this section, we have used the simulation experiments to compare the performance of the proposed GA-based algorithms with the heuristic BSMA heuristic algorithm and some existing GA-based algorithms. W e have implemented more than 2,000 lines Pascal program to simulate the proposed algorithm. All simulation experiments are run on a Pentium I1 333,256 MB RAM, IBM PC. The multicast group is randomly selected in the graph. The size of multicast group is considered 5% and 30% of the number of network nodes. We have tuned the proposed GA-based algorithms and the following parameters setting are achieved: crossover probability Pc=0.95 for uniform crossover, mutation probability Pm=O.O1 for insert mutation. Fig. 3 and Fig. 4 show the percentage tree cost of BSMA [7] , Haghighat GA-based algorithm [ 13 comparison with our proposed GA-based heuristic algorithm for different network sizes and different multicast group sizes. These Figures show that our proposed GA-based heuristic algorithm can result in a smaller average tree cost than the mentioned existing algorithms.
